The crystal structure determination of the new rhodium(III)-complex [(DM L)(C5Me5)ClRh](PF6). DML = 1,3-dimethyllumazine, reveals 0 4,N5 coordination of the metal to DML with not very different bond lengths of 213.0(2) pm (R h -N ) and 219.2(2) pm (R h -O ). This result stands in contrast to the previously reported structure of a cationic dihydrobiopterin bound to [Mo(0)C13] which exhibited a very unsymmetrical chelate ar rangement. Chemical and electrochemical two-electron reduction of the Rh(III) complex led to a very labile Rh(I) species (DM L)(C5Me5)Rh which is distinguished by an intense charge transfer band in the visible. The results confirm the characterization of DML as a weak o donor In acceptor ligand with a rather low-lying tc* orbital.
Heterocycles containing the pteridine nucleus are widely occurring natural products, including im portant metabolical redox cofactors [1] . "Pteridine" is the name of the underlying pyrimido- [4, 5b] pyrazine parent system whereas the biologi cally more relevant derivatives are referred to as "pterins" (2-amino-4-oxo(3H)-pteridines) and "lumazines" (2, 4 (1 //,3//)-pteridinediones). In functional biological systems the pterins are often associated with catalytically active metal centers [2, 3] such as Mo [4, 5] , W [6 ] , Fe or Cu [7, 8 ]. For instance, the molybdenum-containing oxotransferase enzymes (i.e. sulfite oxidase, ni trate reductase) operate with the help of a cofac tor which is assumed to be a special metal-binding pterin, the molybdopterin (1) [2] [3] [4] [5] . While there is much agreement on the nature of the chromoReprint requests to Prof. Dr. W. Kaim. phore in that cofactor [4, 5] and on the metal oxi dation states (+VI,+V,+IV) involved, the metal co ordination is not obvious although the dithiolenetype sulfur atoms have frequently been invoked [4, 5] ; coordination at N5 and/or O 4 of the pterin ring system (2) has also been suggested [9] . 
molybdopterin (dihydro form)
Even less is known on the pterin cofactor/metal association in iron-or copper-containing hy droxylases such as phenylalanin oxidase [7, 8 ] .
There are some model complexes with regard to the m olybdopterin system [4, 9, 10] , including a In case of the related lumazine derivatives the 0 4,N5 chelate coordination has been suggested for a number of complexes between well soluble 1,3-dimethyllumazine (DML) and ruthenium (II), copper(I), rhenium(I) [11, 12] and tungsten(V) or -(VI) complex fragments [13] . Folate as another pterin ligand system also forms 0 4,N5 coordinated complexes with [Ru(bpy)2]2+ [14] . Although the possibility of m onohapto coordination of the metal fragment to the pyrazine nitrogen atom could not be strictly ruled out, the IR, UV/VIS and NMR spec troscopic results strongly suggested an intact chelate coordination of DML even in the presence of poten tially coordinating solvent molecules [11] [12] [13] [14] .
In this paper we describe the synthesis, electro chemistry and structure of [(DM L)(C5Me5)ClRh](PF6). Due to their stability, positive charge and affinity towards "hard" coor dination centers, the organometallic rhodium (III) fragments (C5Me5)R hC l+ and (C5M e5)R h2+ have been employed with biologically relevant ligands such as amino acids [15, 16] or nucleobases [17, 18] ; the term "bioorganometallic chemistry" has been coined to emphasize this approach [17] , Taking ad vantage of this stability we have obtained a stable complex of (C5Me5)R h C r with DM L which could be crystallized in order to answer the question of chelate coordination symmetry and which was re ducible to a Rh(I) species. Such transitions (4) have been observed for a num ber of complexes with unsaturated chelate ligands L (e.g. 2,2'-bipyridine) [19] [20] [21] [22] , producing very reactive, intensely coloured and catalytically relevant [19, 22] neutral intermediates.
L: unsaturated chelate ligand.
Results and Discussion
The orange complex [(DML)(C5Me5)ClRh](PF6) was prepared by reaction of DM L [23] with 0.5 equivalents of [(C5M e5)Cl2R h]2 [24] and sub sequent precipitation as hexafluorophosphate.
The compound was characterized via NMR, UV/VIS and IR spectroscopy (see Experim ental Section); crystals for structure analysis were ob tained by slow evaporation of an acetone solution. Crystal data and information on the data collec tion, structure solution and refinem ent are sum marized in Table I and in the Experim ental Section.
The results of the structure analysis are pre sented in Tables II-IV * .   Table I . Crystal data and structure refinement. * Further information on the structure determination may be obtained from Fachinformationszentrum Karlsruhe GmbH, D-76344 Eggenstein-Leopoldshafen, Germany, on quoting the depository number CSD 58388, the names of the authors, and the jour nal citation. (1) 10161 (1) 7648 (1) 333(2) C (l)
3184 (3) 8285 (2) 8310 (3) 298 (9) C (2) 2469 (3) 7899 (2) 8986 (2) 267(8) C (3) 1665 (3) 7324 (2) 8354(3) 307(9) C (4) 1891 (3) 7365 (2) 7287(3) 350(10) C (5) 2808 (3) 7977 (2) 7254(3) 329(9) C (01) 4130 (3) 8917 (3) 8630 (4) 488 (14) C (02) 2519 (4) 8048(3) 10142(3) 446(13) C (03) 772 (4) 6768 (3) 8749 (5) 600 (17) C (04) 1264 (5) 6875 (3) 6376 (4) 573 (16) C (05) 3358 (4) 8215 (5) 6305 (4) 619(19) N (l)
1 (2) 8877 (2) 6616 (2) 218 (6) 0 (2 ) 61 (2) 8989 (1) 8723 (2) 261(6) C (6) -926 (2) 9150 (2) 7024 (2) 225 (7) C (7) -79(3) 8854 (2) 5580 (2) 283 (9) 
10020 (2) 8361 (2) 422 (8) * Isotropic U (eq) are defined as one third of the trace of the orthogonalized U;j tensor. Figure 1 illustrates the molecular structure and atomic numbering of the complex, Figure 2 shows a section of the crystal structure.
The view of the crystal structure in Fig. 2 illus trates that the hexafluorophosphate anions are prevented from rotational disorder by a close packing arrangement. The structure of the cationic complex (Fig. 1) Table IV . Selected bond angles (°). The five-membered chelate ring R h -0 4 -C 1 1 -C 6 -N 1 shows some asymmetry, although not as much as the M o(IV) complex (3) of a dihydro pterin ligand [9] . Specifically, the bond of the cat ionic rhodium (III) center to the not very basic pyrazine (N5) atom is much longer (213.0 pm) than that between the relatively low-valent molybdenum (IV) to the non-aromatic (and more basic) N5 center of dihydrobiopterin (201.7 pm [9] ). On the other hand, the "hard" R h(III) makes a slightly shorter bond to O 4 (219.2 pm) than the relatively low-valent Mo(IV) in (3) (222.9 pm [9] ). The coordination of the rhodium (III) cation to the carbonyl site in position 4 is not only evident from a slightly longer bond 0 2 -C 1 1 (124.2 pm) in comparison to O 1 -C 1 0 (1 2 2 . 1 pm) but also from a low-energy shift of corresponding carbonyl stretching bands relative to free DML: v (C = 0 4) 1685 -» 1635 cm -1. Such shifts have been reported previously for other chelate complexes of DML [11, 13] . In contrast, the non-coordinated carbonyl group shows a small high-field shift, possibly due to the charge effect: v (C = 0 2) 1728 -> 1740 cm -1. The charge effect exerted by the cationic rhodium(III) center in its relatively high oxidation state is also responsible for the general low-field shift of the *H NMR signals of DML after coordi nation (see Exp. Section).
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The bite angle O -R h -N (77.1°) and all other geometrical features of the DM L ligand and the rhodium (III) complex fragment are not unusual.
In view of the successful two-electron reduction of many complexes [(L)(C5Me5)ClRh]+ to coordinatively unsaturated complexes (L)(C 5M e5)Rh (4) with d8-configurated rhodium (I) [19] [20] [21] we studied the R h(III) complex of DM L by cyclic voltammetry (Fig. 3) . The cyclovoltammogram in THF exhibits the characteristic [19] [20] [21] effect of an electrochemically irreversible two-electron reduction with con comitant loss of the halide. The resulting large dif ference between the cathodic potential of -1.14 V vs. Fco/+ for process (4) and the anodic peak poten-tial at -0.74 V for the oxidative reaction (5) is typi cal for such systems undergoing an "ECE mecha nism" [19] [20] [21] .
The solution containing (DM L)(C5Me5)Rh can be reduced further, probably involving the DML ligand at -1.89 V and -2.39 V (free DML is irre versibly reduced at -1.98 V vs. Fc°/+).
A ttem pts to prepare the neutral complex (D M L)(C5Me5)Rh via chemical reduction using polymer-bound tetrahydridoborate [26] required thermal activation and produced an extremely la bile blue-green product. This Rh(I) species could therefore only be studied by UV/VIS absorption spectroscopy in an air-tight cuvette.
W hereas the orange rhodium (III) complex owes its colour to a weak, broad band at 410 nm which we assign to a ligand-to-metal charge transfer (LMCT) transition [2 0 ], the highly reactive reduced com pound (DM L)(C5Me5)Rh exhibits an intense longwavelength absorption at 620 nm (Fig. 4) which can be attributed [2 0 ] to a metal-to-ligand charge trans fer (MLCT) transition d(R h') -» jt*(DML). This MLCT absorption lies thus at longer wave lengths than corresponding bands of most other complexes (L)(C 5M e5)Rh. e.g. L = 2,2'-bipyridine [20] ; a comparable low-energy transition at 571 nm (in TH F) has been observed for (mepybim)-(C5M e5)Rh [21] where mepybim is 2-(2-pyridyl)-N-methylbenzimidazole, i.e. a ligand with less jt accepting coordination centers.
Summarizing, we have shown that 1,3-dimethyllumazine binds rhodium (III) v i a the O4,^ chelate centers as postulated previously for many related complexes [8] [9] [10] [11] [12] [13] [14] 25] . The relatively symmetrical chelate arrangem ent is a result of weak coordi nation by both the carbonyl and pyrazine donor centers and, as a consequence, the chemically or electrochemically generated R h(I) complex (DM L)(C 5M e5)Rh is very labile. DML is thus a ligand with two weakly basic and only m oderately 7i accepting chelate donor centers O 4 and ISP, nevertheless, the jt* acceptor orbital lies rather low which is evident from the reduction potential of the Rh(III) complex and the long-wavelength MLCT energy of the Rh(I) form.
Experimental
Syntheses
The rhodium (III) precursor [(C5Me5)Cl2R h]2 [24] and DML [23] were prepared according to literature procedures. Chemical reduction of [(DM L)(C5Me5)ClRh]+ to (DM L)(C5Me5)R h was effected using polymersupported tetrahydridoborate (amberlyst A-26/ BH4~, Fluka) in m ethanol. The reaction pro ceeded slowly only after slight heating to a bluegreen solution, all attem pts to isolate this material by filtration and removal of the solvent led to dark-red decomposition products.
Instrumentation
NM R spectra were obtained using a Bruker AC 250 spectrometer. Infrared vibrational spectra were taken on a Perkin Elm er 684 instrument, U V -V IS absorption spectra were recorded on a Shimadzu UV 160 spectrophotom eter. Cyclic voltammetry was carried out in THF/0.1 M Bu4NPF6 using a three electrode configuration (glassy car bon working electrode, Pt counter electrode, Ag/ AgCl reference) and a PAR 273 potentiostat and function generator. The ferrocene/ferrocenium couple (Fco/+) was used as internal reference.
Crystal structure determination
Single crystals suitable for X-ray diffraction were obtained by slow evaporation of an acetone solution, the chosen crystal was selected under nujol and transferred into a glass capillary. All Xray diffraction studies were carried out at 173 K. Optimized angles 2 6, cv and x of 44 selected reflec tions (20°^2#< 25°) and their refinem ent led to the unit cell constants. Reflection intensities were measured in the range 2°< 2#< 60° (w-scan), the detection speed varying with intensity between 3°/ min and 60°/min.
The structure was solved by direct methods, fol lowing difference fourier syntheses gave the posi tions of all non-hydrogen atoms. Positions of the hydrogen atoms were first calculated assuming ideal geometry and a C -H -b o n d length of 96 pm, afterwards they were refined using the "riding" model. The methyl-hydrogen atoms of the cyclopentadienyl ring system were finally released for refinement with isotropic tem perature parameters. All crystallographic calculations were carried out using the program system SHELXTL PC [28] .
